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© Multimers of the soluble forms of TNF receptors, their preparation and pharmaceutical 
compositions containing them. 

© Multimers of the soluble forms of the tumor necrosis factor receptors (TNF-Rs) are provided. These 
multimers are produced either by chemical or by recombinant methods. The multimers of the soluble forms of 
TNF-Rs are useful for protecting mammals (including humans) from the deleterious effects of TNF. 
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The present invention relates to multimers of the soluble forms of the tumor necrosis factor receptors, 
their preparation and pharmaceutical compositions containing them. 

Tumor necrosis factSV (TNF) is a cytokine produced by a number of cell types, prinnarily by 
mononuclear phagocytes. At present, two different TNFs have been identified: TNF-a and TNF-^ • 
5 (lymphotoxin). Both TNF-a and TNF-j5 initiate their effects by binding to specific cell surface receptors. 

. TNF-a and TNF-;3 (hereinafter called "TNF") are known to exert both beneficial as well as deleterious 
effects on a number of different target cells involved in the inflammatory response. Among its many effects, 
TNF, for example, stimulates the growth of fibroblasts and induces in these ceils the synthesis of 
collagenase. prostaglandin E2 and IL-6. TNF. also decreases in adipocytes the activity of lipoprotein lipase. 
to activates osteoclasts ^d increases in endothelial cells adhesivity for blood leukocytes. 

However, TNF has also extremely deleterious effects: over-production of TNF can play a major 
pathogenic role in several diseases, for example, TNF-a is known to be a major cause for the symptoms of 
septic shock. In some diseases. TNF may cause excessive loss of weight (cachexia) by suppressing 
activities of adipocytes and by causing anorexia (TNF-a was therefore called cachectin). See, e.g. Beutler et 
75 al.. Annu. Rev. Biochem,. 57. pp. 507-518 (1988) and Old, Sci. Am. 258. pp. 41-49 (1988). Excessive TNF 
production has also been demonstrated in patients with AIDS. 

In order to counteract the cytotoxic effects of TNF. ways were sought to antagonize or eliminate 
endogenousiy formed or exogenously administered TNF. Furthermore, ways are being sought to induce 
specifically only some of the many effects of TNF or restrict its action to a specific kind of target cells. The 
20 first attempt in this direction was the development of monoclonal antibodies which neutralize the TNF-a 
cytotoxic activity. Such monoclonal antibodies are described in EP 186 833 and in Israel Patent No. 73883. 

As stated above, TNF initiates its function by binding to specific cell surface receptors. Two such TNF 
receptors (hereinafter "TNF-R") which are expressed differentially in cells of different kinds are known, the 
p55-TNF receptor and'the p75-tNF receptor (p55-TNF-R and p75-TNF-R). Two proteins called TBP-I and 
25 TBP-I! which bind specifically to TNF have been shown to cross-react immunologically with the two 
receptors. Both proteins provide protection against the in vitro cytocidal effect of TNF and both bind TNF-^ 
less effectively than TNF-a. It was found that the formation of the TBPs occurs by proteolytic cleavage of 
the cell surface TNF-Rs. resulting in release of a major part of their extracellular domain (see EP 308 378. 
398 327 and EP application 90 12^^1^3JJu^adeed. the sequences of the amino acids in TBP-I and TBP-ll 
00 were found to be fully identical to sequences found in the extra-cellular domains of the cell-surface 
receptors, but do not contain any part of the intracellular domain of the receptors. * 

These findings imply that the inhibition of TNF function by TBP-I and TBP-ll reflects the conservation, 
in TBP-I and TBP-ll, of part of the structural features of the cell surface TNF-Rs, which are important for 
binding of TNF by the receptors and the initiation of cell response to TNF thereby. Due to this conservation 
35 of structure, TBP-1 and TBP-ll have the ability to compete with the cell surface TNF-Rs for TNF and thus 
; block its function. 

It is known that TNF. in. its natural state, exists as a muitimer (trimer) consisting of three identical 
polypeptide chains, each with a molecular size of about 17.000 D. 

To elicit its effects. TNF must bind to the TNF Receptors in its trimeric form. Although the TNF 
40 monomer also binds to celts (but at a lower affinity when compared with the TNF trimer), it has no effect. 

The present invention now provides multimers of the soluble forms of the TNF-Rs, and salts or 
functional derivatives thereof. These multimers, effectively interfere with the binding of TNF to the cell- 
surface receptors and thus do not allow TNF to exert its deleterious effect. 

The term "multimers" as. used herein refers to any combination of monomers held together, for 
45 example, by covaient bonding, liposome formation, the incorporation of monomers of the soluble form of 
TNF-R into a single recombinant molecule, or any other combination of monomers. 

The multimers may either be in dimeric, trimeric or other multimeric form and may comprise, for 
example, TBP-I, TBP-ll. or mixtures thereof. 

The invention also provides methods of producing these multimers by covaient cross-linking of the 
50 soluble forms of the TNF-Rs. 

In another aspect, the present invention relates to DNA molecules comprising the nucleotide sequences 
encoding the multimers of the soluble forms of the TNF-Rs, to expression vehicles comprising them, to host 
cells transformed therewith, and to processes for producing the multimers by culturing the transformed cells 
in a suitable culture medium. 
55 The invention also relates to DNA molecules which hybridize to the above DNA molecules and which 
code for a muitimer of the soluble forms of the TNF-Rs. or a funtional derivative thereof. The term 
"functional derivatives" is defined hereinafter. 

The multimers according to the invention, and the salts and functional derivatives thereof, may 
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comprise the active ingredient of pharmaceutical compositions for protecting mammals from the deleterious 
effects of TNF. These comoosilions are yet another aspect of the present invention. 

AS stated hereinbefore. TNF exists and exerts its biological action as a trimer. However, nothing has 
been known so far as to the form of the TNF-Rs to which TNF binds, i.e. whether the TNF trimer binds to 

5 individual molecules of the TNF-Rs. or the receptors themselves also exist as multimers or become 
multimers following TNF binding which better accomodates the TNF trimers. 

We have now found that the TNF-Rs exist in aggregated forms in cells exposed to TNF. 
This was shown by analysis of full-length and C-terminal truncated forms of the human p55-TNF-Rs 
tagged by cross-linking to labelled TNF. For this purpose we produced truncated forms of the human p55- - 

10 TNF-R by site-directed mutagenesis of the cDNA and expressed them in murine A9 cells. Radiolabelled 
TNF was applied on these cells and cross-linked chemically to the TNF-Rs. The TNF-Rs were solubilized 
with a detergent, and antibodies spedfic to the human_receptors were applied to immunoprecipitate the 
human receptors, examining thereby whethe^ murine receptors associate noncovalenty with ^ the human 
receptor as a consequence of aggregation of the receptors. " , . „ »• 

15 TBP-I and TBP-II monomers must be administered in very high doses in order to result in effective 
inhibition of TNF-binding to' cells in the human body. The multimers of the soluble forms of TNF-Rs 
according to the invention, are believed to be more effective in inhibiting TNF activity at lower doses, smce 
they can effectively compete with the TNF trimers for the binding sites on the aggregates of the cell surface 

20 The multimers of the soluble forms of the TNF-Rs may be produced chemically by using known 
- methods which will result in the formation of either dimers or higher multimers of the soluble forms of the 

"^'^'^Another way of producing the multimers of the soluble forms of the TNF-Rs is by recombinant 
techniques. In this way. massive production of multimers with optimal TNF binding activity will be made 

Pharmaceutical compositions containing the multimers . of the soluble forms of the TNF-Rs may be 
employed for antagonizing the deleterious effects of TNF in mammals, i.e. they serve for treating conditions 
where excess of TNF is either endogenously formed or exogenously administered. 
-~ Such compositions comorise the multimers of the soluble forms of the TNF-Rs according to the 
30 invention or their salts or functional derivatives as their active ingredient. The pharmaceutical compositions 
are indicated for any condition of excess TNF. either endogenously produced, such as m septic shock, 
cachexia, graft-versus-host reactions, autoimmune diseases such as rheumatoid arthritis, and the like, or 
exogenously administered, i.e. administration of overdoses of TNF. 

As used herein the term "salts" refers to both salts of carboxyl groups and to acid addition salts of 
35 amino groups of the protein molecule. Salts of a carboxyl group may be formed by means known in the art 
and include inorganic salts, for example, sodium, calcium, ammonium, ferric or zmc salts and the like, and 
salts with organic bases as those formed, for example, with amines, such as triethanolamine, arginme or 
lysine piperidine. procaine and the like. Acid addition salts include, for example, salts with mineral acids 
such as for example, hydrochloric acid or sulfuric acid, and salts with organic acids such as. for example. 

JO acetic acid or oxalic acid. ^ . »u * „^fi.,o,i 

-Functional derivatives" as used herein covers derivatives which may be prepared from the functional 
groups which occur as side chains on the residues or the N- or C-terminal groups, by means known in the 
art and are included in the invention as long as they remain pharmaceutically acceptable, i.e. they do not 
destroy the activity of the protein and do not confer toxic properties on compositions containing it. 

45 These derivatives may. for example, include aliphatic esters of the carboxyl groups, amides of the 
carboxyl groups by reaction with ammonia or with primary or secondary amines. N-acyl derivatives of free 
amino acid groups of the amino acid residues formed with acyl moieties (e.g. alkanoyl or carboxyclic aroyi 
groups) or 0-acyl derivatives of free hydroxy! group (for example that of seryl or threonyl residues) fomied 

with acyl moieties. . . 

so "Functional derivatives" also comprise multimers made up of soluble forms of TNF-Rs in which 

changes have been introduced in . the sequence of the amino acids making up the soluble TNF-Rs by any 
. conventional method. These changes may comprise elongation or truncation of the soluble TNF-R molecule 

or deletion or replacement of one or more amino acids making up the soluble TNF-R. It is understood that 

none of the above changes may affect the biological properties of the TNF-Rs. 
55 The pharmaceutical compositions according to the invention are administered depending on the 

condition to be treated, via the accepted ways of administration. For example, in the case of septic shock. 

intravenous administration will be preferred, while in the case of arthritis. local injection may be indicated. 

The pharmaceutical compositions may also be administered continuously, i.e. by way of infusion, or orally. 
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The formulation and dose will depend on the condition to be treated, the route of administration and the 
condition and the body weight of the patient to be treated. The exact dose will be determined by the 
attending physician. 

The pharmaceutical compositions according to the invention are prepared in the usual manner, for 
5 example by mixing the active ingredient with pharmaceutically and physiologically acceptable carriers 
and/or stabilizers and/or excipients. as the case may be. and are prepared in dosage form. e.g. by 
lyophilization in dosage vials. 

When the pharmaceutical composition comprises a liposome composition, the latter is adjusted so as to 
assure optimal interaction of the liposome with phagocytic cells, optimal accessibility of the liposomes to 
w the circulation and/or other compartments in the body, and optimal rates of clearance of the liposomes from 
.... those compartments. 

Rgures 1A and IB : show the different receptor sizes after covalent cross-linking with labelled TNF. 

immunoprecipitation and SDS-PAGE analysis. The patterns shown are as follows: 

Fig 1A : precipitation with prior acidification so as to disrupt non-covalent association between receptors. 

75 Precipitation of receptors from HeLa cells (lane 1 ). precipitation from extracts of non-transfected A9 cells 
(lane 2), from extracts of AS cells expressing the wild type human p55-TNF-R (lane 3), and from extracts 
of A9 cells expressing mutants of the human p55-TNF-R: the A:31 0-426 human p55-TNF-R (lane 4), the 
A:244-426 human p55-TNF-R (lane 5) and the A:2l 5-426 human p55-TNF-R (lane 6). The lane marked 
" Mr is the one of the molecular weight markers. 

20 Fig IB : shows the same receptor size analysis, however without acidification prior to immunoprecipita- 
tiorT 

Figure 2 schematically illustrates the structure of the wild type human p55-TNF-R and of three truncated 
forms thereof, i.e. truncated at amino acid 310 (the A:31 0-426 human p55-TNF-R mutant), at amino acid 
244 (the A:244-426 human p55-TNF-R mutant), and at amino acid 215 (the A:21 5-426 human p55-TNF-R 
25 mutant). 

— Rgure 3A illustrates the cytocidal effects of TNF in A9 cells expressing the full length human p55-TNF- 

R. and in AS cells expressing the cytoplasmic deletion mutants thereof (A:31 0-426, A:244-426 and 
A:21 5:426 human p55-TNF-R), 

Rgure 3B illustrates the cytocidal effects of monoclonal antibodies against the human p55-TNF-R in the 
30 same cells as Rg. 3A. 

Rgures 4A. 4B and 4C show that treatment of A9 celts which express a cytoplasmic deletion mutant of 
the human p55-TNF-R with antibodies to the receptor restores their sensitivity to the cytocidal effect of 
TNF. 

The following examples illustrate the invention without limiting it thereto. 

35 

EXAMPLE 1: Detection of aggregates of human TNF-Rs in the analysis of their sizes 

A9 cells» as well as cells expressing the wild type and mutant forms of the human p55-TNF-R. and 
HeLa cells were detached by incubation in PBS containing 5mM EDTA and. after rinsing with binding buffer, 

40 were suspended in aiiquots of 5X10' cells in 1 ml binding medium, containing radioiabelled TNF. After 
incubation with occasional shaking for 4 hrs. on ice, the cells were washed once with Dulbeccp's balanced 
salt solution (PBS + ) and incubated for 20 min. in the same buffer containing 1 mfvl bts(sulfosuccinimidyl)- 
suberate (Pierce). Cross-linking was stopped by adding Tris-HCI and glycine-HCI. pH 7.4 (both to a final 
concentration of lOOnM) followed by two washes with PBS + . The cells were then extracted for 1 hr. at 

45 4*C. using 600 al of a lysis buffer containing 20 mM Hepes, pH 7.4. I50mf^ NaCI. 1% deionised Triton X- 
100. 1u.g/mi leupepdn and 1 mM-phenylmethylsuifonyi fluoride. After centrifugation for 30 min. at lO.OOOxg 
the cell extracts were divided into two equal portions. One (portion A) was acidified by adding SOul 1 M 
glycine-HCI bufer pH 2.5 and, after 1 hr. incubation on ice. neutralized with 30ul Ifv! NaOH. To this portion 
of the extracts as well as to the other one (B), monoclonal antibodies against the human p55-TNF-R were 

50 added. After 12 hrs further incubation at 4'C. 20al protein-A Sepharose beads (Pharmacia), equilibrated 
with PBS + . were added and. following 60 min. incubation at 4*C. washed three times with the lysis buffer 
containing 2M KCI, and two times with PBS. The beads were resuspended in 15 ul sample buffer 
containing 4% (w/v) SDS and 6% (v/v) ^-mercaptoethanoi and boiled for 3 Tnin. The supernatant was 
analysed by SOS-PAGE (10% polyacrylamide) followed by autoradiography. 

55 As shown in Rgs. 1A and 18. the receptors for TNF exist in aggregated forms in cells exposed to TNF. 
These figures present the SOS-PAGE analysis of the full-length and truncated forms of the human p55- 
TNF-Rs (see the schematic representation of the different forms in Rg. 2) expressed in murine AS cells and 
tagged by applying radio-labelled TNF on the cells followed by cross-linking. 
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! ^.^"P^°^^^^^^^ .mmunoprec.p>tated from detergent extracts of the cells following acidification of the 
ol n. nrZ"\ . ;^'«o^'=te non.covalent aggregates of prote.ns ,A, or without such acidification (B, Th^ 
patterns of the labelled prote.ns, precipitated from extracts of HeLa cells (lane 1) from extracts of non 

s frr e'xTactfof^:? T "'"^^ °' t^pe horian p55 ^NF R (3 . and 

wLht fM f , rr '° ^t^^ migration of molecu.a^ 

JTZ nT 't^- ''"'^ ^° ^^'^''^^ l^"--" receptors, tagged by 

... ILT ^"^^^ A:310-426 human pS5-TNF-R 51 and 68 KD for the 

,0 A 244-426 human p55-TNF-R and 48 and 65 kO for the A:215:426 human p55-TNF-R, Thelb;i'ed binds 
whose s.aes correspond to the full-length murine receptors, cross-linked either to one oMo t^o Tnf 
molecules (72 and 89 kD) are denoted with empty arrows, and the bands which correspond to crors°inked 
monomers, d.mers and trimers of TNF (17. 34 and 51 kilodaltons) ■ by sdppled lines 

The antibod.es applied for immunoprecipitation in this analysis of the receptor size recoanized 
speaf.ca ly the receptors of human origin (solid arrows). These antibodies did not precipitate TNF recepto.s 
from extracts of non-transfected A9 cells (compare lanes 1- and 2). However, in application of these 
ant,bod.es to extracts of the A9 cells which express the human p55-TNF-R. it was found that, togethe wi h 
the human receptors, the antibodies precipitated also some of the murine receptors which were easi v 

20 T^"^"^ ^'"'^ '^"9^^ ^'^^ '^'^P'y ^^^°-s) (lanes 3-6 in Fig 

Inri'TT"^ that the TNF receptors exist in the cells as aggregates, containing both receptors of human 
and 0 munne ong.n. Consistently with this notion, it was found that if. prior to immunoprecipitation the cell 
extracts were exposed to low pH. in order to disrupt non-covalent association between the receptors the 

'^T"" V P^^^'P'^^'^^- the precipitation of the murine receptors was 

abolished {compare Rg. 1A to Rg. IB). ^^y^^^^ wds 



EXAMPLE 2 



A. Construction of mutant p55-TNF-Rs 
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218-22) and Nhe^Lt ^ Z ^^L^"."" '° ''''''^ ^''^ ^^""(^^ ""-^'^^tides 

^^nnnXTf ^ .T^^^ ^^'^'""^ P^^ °f the non-coding 

rSL ^tJ . H ° ^'3'°" ^"'^ " ""'*'P'« GTn(n=4-8) in the 3' non-coding 

Stes-^mlntl' l ,7*%^"^='^ ^'^^^^"^^ °f cDNA was carried out using the "Altered 

as fr^utan A^ O 4Pfi; °L T"^'" '"^^"^"'^^ P°'"t^^ ^'^er leucine 309 

35 (mutant A.31 0-426) us.ng the ol.gonucleotide: 

5'-CCC CAA CCC CCT CTA GAA GTG GGA GG-3' 

and after leucine 21 4 (mutant A:21 5r426) using the oligonucleotide- 

5'-AGT CCA AGC TCT AGA CCA TTG TTT GTG G-3' 

(Rg. 1) The wild type and mutated cDNAs were introduced to an eukaryotic expression vector For the 

" H:?dT T^e 3rKbf "^'^ ^P- CDNA was cut w.^ 

rpnit L » H '"^ ^"'^ ^'^^^ °' P^^t^'^ding ends, religated. thus 

replacing ammo acid 244 by a stop codon. a u. » ua 

B. Expression of the w ild type and the mutant receptors in cultured cells 

F«P^!S lT""^,nM=!-f ^' ^""^"^^ '"^ "'^ '^'"'^"^ ^""^ ""^^ ^"''"^^^ Dulbecco's Minimal 
Essential Medium (DMEM). containing 10% fetal calf serum. 100 units/ml penicillin and lOOug/ml strep- 
tomycin. The expression constructs encoding the wild type and the mutant receptors were cotransfected 
together with the neomycin resistance conferring plamsid pSV2neo into these cells, using the calcium 
phosphate precipitation method. After 10 to 14 days selection in growth medium containing 500ug/ml G418 
res.stant colon.es were isolated and checked for expression of the human p55 TNFIr by measuring TNF 
bindmg to the cells. ^ 

Figure 2 illustrates the stnjcture of the wild type human pSS-TNF-receptor. It consists of icons depicting 
the full length human p55-TNF-R and the truncated forms of this receptor created by site-directed 
mutagenesis. Using these oligonucleotides, stop codons were introduced into the intracellular domain of the 
receptor at ammo acids 310 (the A:3l0-426 human p55-TNF-R mutant). 244 (the A:244-426 human p55- 
TNF-R mutant), and 215 (the A:21.5:426 human p55-TNF-R mutant). 

Figs. 3 and 4 provide further evidence for the existence of the cell-surface TNF-R as aggregates as well 



4S 



EP 0 526 905 A2 



as for two other points, namely that aggregation of functional receptors is necessary for the activity of these 
receptors, as well as that involvement of non-functional receptors in this aggregation results in effective 
inhibition of TNF function. 

Fig. 3 illustrates the cytocidal effects of TNF (A) and of monoclonal antibodies against the human p55- 
TNF-R (B) in A9 cells, in A9 cells expressing the full length human p55-TNF-R. and in A9 cells expressing 
the cytoplasmic deletion mutants of the human p55-TNF-R (the :3 10-426 human p55-TNF-R. the :244-425 
human p55-TNF-R. and the :21 5:426 human p55-TNF-R. 

Cells were seeded into 96-welI plates. 24 hrs. before the assay, at a density of 30.000 cellswelL TNF 
and the monoclonal antibodies, were applied simultaneously with CHI (50 u.g/ml). After further 11 hrs. 
incubation at 37 'C, viability of the cells was assessed in a neutral red uptake assay. The two monoclonal 
antibodies were applied at equal.amounts which summed up to the concentration specified in the fiaure. 

Turning now to Fig. 4^ the_cy.taQidal effect of TNF, applied together with CHI (50 agy'ml) to A9 cells (A). 
A9 cells expressing the A:31 0-426 human p55-TNF-R (B) and A9 cells expressing the A:2l 5:426 human 
p55-TNF-R (C). was examined in the presence and absence of antibodies to the human p55-TNF-R. Similar 
sensitization by the antibodies to the cytocidal. effect of TNF was observed in A9 cells expressing the 
A:244-426 human p55-TNF-R mutant. 

Thus, while having a pronounced cytocidal effect in the A9 cells which express the full-length human 
p55-TNF-R, the antibodies had no effect at all in cells expressing any of the three truncated forms of the 
receptor, suggesting that- these truncated forms are not functional. Furthermore, testing the effect of TNF 
itself on the ceils revealed that, in contrast to the full-length human p55-TNF-R receptors, whose expression 
results in increased sensitivity of the A9 cells to TNF, the truncated forms of the receptors conveyed a 
decreased reponsiveness to the cytocidal effect of TNF. 

This decrease could be observed in clones of A9 cells, expressing either one of the truncated forms of 
the receptors, at extents which seemed roughly proportional to the extent of receptor expression. Sensitivity 
to TNF could be recovered by applying on these cells antibodies to the h-p55-TNF-R. confirnning that the 
decrease in response to -TNF reflects- an inhibitory effect of the truncated human receptors on the function 
of the full length rodent receptors. 

EXAMPLE 3: Creation of multimers of the soluble forms of TNF-Rs by chemical cross-ii nking of 
these proteins ' ' ~ 

a) Introduction of cysteine or, alternatively, of Biotin, to the C-termini of the soluble receptors: 
Procedure I : Samples of the soluble forms of either the human p55- or the human p75-TNF-R are 
incubated with cysteine amide, or alternatively, with Biotin amide 

0 
11 

Biotin - C - .NH(CH=)-. 

and with carboxypeptidase Y. In me presence of excess of the cysteine amide or the Biotin amide the 
enzymatic reaction leads primarily to incorporation to these compounds to the C-termini of the soluble 
receptors. 

Procedure II : The reactions are carried out as above, except that the amino acid within the receptor 
• chosen to be the C-terminal for the soluble receptors is lysine and that lysine endopeptidase is applied 
instead of carboxypeptidase. Use of this enzyme assures that, beside removal of a single amino acid 
from the C-terminus of the soluble receptor, no further truncation of the soluble receptor takes place. 

b) Use of soluble receptors, to whose C-termini cysteine was introduced, for formation of 
dimers of the soluble receptors: 

Receptors to whose C-termini cysteins were introduced as described above, are cross-linked to form 
dimers, using activated linkers of either one of the following two formulae: 



1 

- CH - CONHa 
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- NH - CH^ - CHa - CO[NH-CH-C]^ - NH - N 
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0 0 

n 11 
Br - CHa - C (NH-CH-C: 



0 
11 

]^ - NH - C - CH= - Br 



R 



Linkers of different lengths can be employed. The function of the products will be compared to each 
other and thus the optimal linker length will be defined. In case free cysteines turn out to be present 
within the soluble receptors, they will be blocked before the introduction of cysteine to the C-termini. by 
way of alkyiation. 

c) Use of soluble receptors, to whose C-termini Biotin was introduced, for formation of 
tetramers of the soluble receptors, as well as more complex structures of the receptors: 

The soluble receptors to whose C-termini Biotin was introduced, as described above, are cross-linked 
with Avidin. Each Avidin contains four Biotin binding sites. In that way tetramers of the receptors -are 
- formed. -A^ter natively, part of the four binding sites in. the Avidin serve foi- binding other proteins to which 
Biotin was linked. In that way. several Avidin molecules are linked to each other, resulting in formation of 
higher aggregates of the soluble forms of the human TNF-Rs. This approach allows also the binding of 
additional molecules to the soluble forms of the TNF-Rs (e.g. Fc portions of antibodies). 
Alternatively, Avidin may be replaced with Streptavidin, the procedure itself remaining the same, 

d) Formation of multimers of the soluble receptors by cross-linking cysteins located within the 
receptors' sequence: 

Such multimers of TNF receptors are formed by linking the molecules of soluble forms of the TNF-Rs to 
each other using cross-linking reagents specific to amine groups or to thiols, (The latter following partial 
reduction of the cysteins in the soluble receptors with j3-mercapthoethanol or dithiothreitol). 

e) Formation of liposomes containing multiple molecules of the truncated receptors: 
Procedure i : Liposomes expressing any Biotin-containing protein on their surface can be applied for that 
purpose. Soluble forms of the TNF-Rs to whose C-termini Biotin was linked, are linked to these 
liposomes with the use of (the tetravalent) Avidin. 

Procedure II : Recombinant TNF receptors, truncated in the intracellular domains, but . containing the 
transmembrane domains, are produced as described in Example 2. They are then incorporated into 
liposomes by dissociation in detergents, followed by their reconstitution in the presence of lipids by 
removal of the detergents. 

0 Isolation of soluble receptor multimers with highest inhibitory effect on TNF function: 
Preparations of soluble receptor dimers or multimers are fractionated chromatographicaily, and fractions 
showing highest inhibitory effects on TNF function are further analyzed, to define the structures optimal 
for TNF inhibition. Alternatively, affinity purification of the optimal inhibitors is performed, by applying 
preparations of soluble receptor dimers or multimers to TNF-affinity columns. 

EXAMPLE 4: Creation of recombinant DNA molecules comprising nucleotide sequences coding 
for the multimers of the soluble TNF-Rs and their expression ' 

The dimers and higher multimers of the soluble receptors can also be prepared by genetic engineering 
techniques and their preparation encompasses all the tools used in these techniques. Thus DNA molecules 
are provided which comprise the nucleotide sequence coding for such dimers or oligomers. These DNA 
molecules can be genomic DNA, cDNA, synthetic DNA and a combination thereof. 

Creation of DNA molecules coding for a dimer of soluble receptors is carried out by ligating the cDNA 
sequence encoding the soluble form of a TNF-R to a sequence encoding a linker peptide and then further 
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expression or the recomoinant proteins csn ho a/f^^f«H . , 

^^r eta^r ror^^^^^^ =ar:^eixr ^^^^^^ — - 

/o known m the art (see Maniatis et al. op cit ) dIIip T^^^ express.on vectors by techniques well 

homopolymeric tailing or by restriction ^^ Inll^^'^^^^^^^^^ '° P'^-i<^ vectors b^ 

Jga .on techniques. DNA ligases are used to ligate onI ' T °' blunt-ended 

by treatment with alkaline phosphatase ^"^ ""desirable joining is-ivbided 

. s'^-r,el? vector should comprise also 

DNA coding for the desired protein in such ^ ''^^^^^^^^^^^ ^^^ulatory information linked to the 

prote,n. First, in order for the gene to be transcribed ^ m ?k ^"'^ P^^-^^ction of the 

RNA polymerase, to which the polyr^erase binds L ' ^ recognizable by 

vanety of such promoters in use whTch wo,k^^r"' ^ T'"' '^-"^cripticn process. There l a - 

^0 are deferent for prokaryotic and eukaryotircells P™-oters,. They 

rT™'^^^^^^^^^^^ be either constitutive, for example, the int 

o the Chloramphenicol acetyl triHiferase g ne of pPR325 eTc T . 'T""' P^^^^^ 
promoters mcfuding the major right and left promoterfof h/^'^o . '^^^ P^karyotic 

papilloma virus. Simian virus, or the like whTre thMn '^'^^ adenovirus, bovine 

3S which has a high level of expressiof ELmpief J:'^: 7k f "^^^^^'^ ^ particular gene 

promoter, the yeast gaU gene promoter etc ^ranlrironl. r T °' ""''^^^ SV40 early 

wh,ch allow for repression and activation, so that Zr^sTn^ T ^'^"^'^ "^^^ ^^'^cted 

The DNA molecule comprising the nucilnZTZ ^^"^^ modulated, 

and the operably linked transcnptfon fand t^alttiSrrr.T''"' """^ "^"'"^-^ 'mention 

- capa^e of integrating the desire'd gene se^ue"^?^^^^^^^^^^ '"^^^^ a vector which is 

stably .ntegrated the introduced DNA into their chromLme. °1 k ^^;°"^°so"^e. J^e cells which have 
more markers which allow for selection of host ce, sThrSn^n 1" '"''''"''^'"^ ^ne or 

prov.de for prototrophy to an auxotropic host bioc ^Te 1^^^^^^^^ 'T'''"" "^^^ -^^'<-^ -ay 

copper, or the like. The selectable marker genTcTe^er^^^^^^^^^^ °' ^^^^^ '--ta'^. such as 

for ITT' °' '""""""^ '"^^ cell by CO t ansfectS^^ '° ^^"^ ^^^"-"^^^ 

we7alT~^^^^ 

recognized and selected from those recipient ceHs I>h h' "'"^ vecS m^be 

the vector which are desired in a parkier host ""-^er of co^s of 

■,s '^'^'"Jj;^ Of differenrspecies. ^ ' " ''"'""^ *° ^'^'^ ^° "shuttle" the 

examS'TeRGTcTeT. ^/ciOl '^ACYcTsrlt T . ^^^^'"^ °' ^P'^"- - ^ coli for 

i^^op.c.t.): Bacillus plasmids such as pCl94 pc '^^^^ o^T ^ f'' ^^!£!f2i!!L^^^ 
ojj^ejacm. Academic Press. NY (1982). pTtoT zm s^ll^J' ^^^^^^^^^^^^E^Eii^^ 

pp. 329). Slreptomyces plasmids inclU^i^g^QwTjKiFS 
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K.J. et aL, (1987) J. Bacteriol. 169:4177-4183): Slreptomyces bacteriophages such as 0C31 (Chafer. K.F. et 
aL. in: Sixth International Symposium, on Actmomyceiales Biology . Akademiai Kaido. Budapest. Hunoary 
(1986). pp. 45-54), and Pseudomonas plasmids (John. J.F.. et ai. (1986) Rev. Infect. Dis. 8:693-704), "and 
Izaki. K. (1978) Jpn. J. Bacteriol. 33:729-742). 

Preferred eukaryotic plasmidTtnclude BPV, vaccinia, SV40. 2-micron circle, etc.. or their derivatives.- 
Such plasmids are well known in the art (Botstein, 0.. et al. (1982) Miami Wint. Symp. 19:265-274: Broach. 
J-R.. in: The Molecular Biology of the Yeast Saccharomyces: Life Cycle and lnhe ritan'ce."Cold Spring Harbor 
Laboratory. Cold Spring Harbor, NY, pp. 445-470 (1981); Broach. J.R., (1982) Cell 28:203-204; Bollon. D.P.. 
et ai. (1980) j. Clin. HematoL Oncol. J0:39-48; Maniatis. T.. in: Cell Biology: A Comprehensive Treatise. Vol. 
3: Gene Expression . Academic PressTNY. pp. 563-608 (1980)). 

Once the vector or DNA, sequence' containing the construct(s) has been prepared for expression, the 
DNA construct(s) may be introduced irito an appropriate host cell by any of a variety of suitable means: 
transformation, transfection. conjugation, protoplast fusion, electroporation. calcium phosphate-precipitation, 
direct microinjection, etc. 

Host cells to be used in this invention may be either prokaryotic or eukaryotic. Preferred prokaryotic 
hosts include bacteria such as E. coll . Bacillus. Streptomyces. Pseudomonas, Salmonella, Serratia. etc. The 
■most preferred prokaryotic host is E. coli . Bacterial hosts of particular interest include £. coli K12 strain 294 
(ATCC 31446). E. coil X1776 (ATCC 31537). E. coli W3110 (F*. lambda". prototropic~(ATCC 27325)). and 
other enterobacterium .such as" Salmonella typhimurium or Serratia marcescens and various Pseudomonas 
species. Under such conditions, the protein will not be glycosylated. The prokaryotic host must be 
compatible with the replicon and control sequences in the expression plasmid. 

Preferred eukaryotic hosts are mammalian cells, e.g.. human, monkey, mouse and Chinese hamster 
ovary (OHO) cells, because they provide post-translational modifications to protein molecules including 
correct folding or glycosylation at correct sites. Also yeast cells can carry out post-translational peptide 
modifications including glycosylation. A number of recombinant DNA strategies exist which utilize strong 
promoter sequences and high .copy-number of plasmids which can be utilized for production of the desired 
proteins in yeast. Yeast recognizes leader sequences on cloned mammalian gene products and secretes 
peptides bearing leader sequences (i.e.. pre-peptides). 

After the introduction of the vector, the host cells are grown in a selective medium, which selects for the 
growth of vector-containing cells. Expression of the cloned gene sequence(s) results in the production of the 
desired multimers of the soluble forms of the TNF-Rs. 

Purification of the recombinant proteins is carried out using monoclonal antibodies to the soluble forms 
of the TNF-Rs, or by affinity purification on ligand (TNF) columns. 

Claims 

1. Multimers of the soluble forms of the TNF-Rs, and salts or functional derivatives thereof, having the 
ability to interfere with the binding of TNF to its receptors and to block the effects of TNF. 

2. A multimer according to claim 1 in dimeric form. 

3. A multimer according to claim 1 in trimeric form. 

4. A multimer according to any one of claims 1 to 3. wherein the multimer is comprised by a liposome. 

5. A multimer according to any of claims 1 to 4 comprising TBP-I. 

6. A multimer according to any of claims 1 to 4 comprising TBP-ll. 

7. A multimer according to any of claims 1 to 4 comprising a mixture of TBP-I and TBP-ll. 

8. A process for the production of a multimer of a soluble form of a TNF-R comprising chemically cross- 
linking the C-termini of the soluble forms of TNF-R. 

9. A process according to claim 8, wherein the cross-linking is effected by introduction of cysteine amide 
to the C-terminus of the soluble form of the TNF-R, followed by cross-linking with an activated linker. 

10. A process according to claim 9, wherein Biotin amide is employed instead of cysteine amide. 
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11. A process according to claim 9 or claim 10, wherein the activated cross-linker is of the formula: 



^ - NH - CHa - CH= - CO(NH-CH-C]>, - NH - N 




^ R 0^ 



w 

12. A process according to claim 9 or claim 10. wherein the activated cross-linker is of the formula: 

0 0 0 

rs ll 1\ l\ 

Br - CH=t - C [NH-CH-C]« - NH - C - CH^ - Br 
I 

R 

20 

13. A process according to claim 8. wherein cross-linking is effected by introduction of Biotin to the C 
terminus followed by cross-linking with Avidin. 



25 



14. A process according to claim 13, wherein Streptavidin is employed instead of Avidin. 

15. A DNA molecule comprising a nucleotide sequence encoding a multimer of a soluble form of TNF-R. 

16. A DNA molecule according to claim 15, wherein the nucleotide sequence comprises genomic DNA. 
30 17. A DNA molecule according to claim 15, wherein the nucleotide sequence comprises cDNA. 

18. A DNA molecule according to claim 15, wherein the nucleotide sequence comprises synthetic DNA. 

19. A DNA molecule which hybridizes to the DNA molecule according to any one of claims 15 to 18 and 
35 encoding a protein having the biological activity of a multimer according to any one of claims 1-7. 

20. A replicable expression vehicle comprising the DNA molecule according to any one of claims 15 to 19, 
which is capable, in a transformant host cell, to express a multimer of a soluble form of TNF-R 
according .to any one of claims 1 to 7. 



21. A host cell transformed with the replicable expression vehicle according to claim 20. 

22. A prokary otic host cell according to claim 21. 
-45 23. A eukaryotic host cell according to claim 21. 

24. A process for preparing a multimer of a soluble form of a TNF-R comprising culturing a transformed 
host cell according to any one of claims 21 to 23, in a suitable culture medium and Isolatinq the 
multimer. ^ 

50 

25. A pharmaceutical composition comprising a multimer of a soluble form of a TNF-R, a salt or a 
functional derivative thereof, together with a pharmaceutically acceptable carrier and/or excipient and/or 

. stabilizer. 

55 26. A pharmaceutical composition according to claim 25. comprising liposomes containing multiple mol- 
ecules of the soluble TNF-Rs. 

27. A pharmaceutical composition according to claim 25 or 28 for protecting mammals from, the deleterious 
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effects of TNF. 
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FIGURE 1A 
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